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Recently there has been much attention for the use of a real-life context in teaching. Where does this attention come from? There is a widespread decline in the numbers of students taking physics and chemistry in higher education. In many countries a need is felt to stimulate education to meet industry’s needs for a future workforce of scientists and engineers (Batterham, 2000). It is therefore necessary to implement teaching and learning strategies that will encourage students. With too much focus on covering the curriculum, students are unable to see the relevance of the content of the curriculum to their everyday lives.
One approach to involve real-life in teaching is Problem-based Learning (PBL). PBL is often presented as a way to make lessons more relevant and more linked to reality, inspiring and motivating students for the subject. Elements of PBL are that the curricular content is organised around problem scenarios rather than concepts or topics, and emphasis is on problem-solving, group work and research skills. While PBL was first developed for and introduced in the experimental sciences, it has now also been adopted in the social sciences (Pawson et al., 2006).





PBL first emerged in the 1960s in medical schools where there was an increasing concern that the curricula put too heavy an emphasis on memorisation of facts and little stress on problem solving or self-directed study skills necessary for the practice of medicine. PBL is a method specifically designed to emphasise these skills and to increase the retention of facts. It is employed by many medical schools and by a growing number of teachers in higher education (Maudsley, 1999).
There is no universal definition for PBL but it is generally understood to mean an instructional strategy in which students identify issues raised by specific problems to help develop understanding about underlying concepts and principles (Spencer et al., 1999). New knowledge and understanding arise through working on a problem unlike in traditional approaches in which the new knowledge is a prerequisite for working on a problem. PBL uses authentic tasks in an active learning approach, predicated on the constructivist belief that to involve the student is to enhance understanding. The role of the teacher in PBL is different from the traditional role. Some have said that in PBL, the teacher moves from being a ‘sage on the stage’ to being a ‘guide on the side’ (Wilkerson et al., 1996). Furthermore, creating an environment in which students can learn effectively demands not only that teachers are experts in their fields but also that they understand how people learn.
Although there are many different work formats in which PBL can be used, they all contain some general characteristics. For the purpose of this research project, we have defined PBL as a teaching method that encompasses the following six elements: a problem is encountered first in the learning process, before any theory is explained (1) and classes are centred on real-world problems (2). Since real-world topics do not respect disciplinary boundaries, they are likely to require students to integrate knowledge from different fields, so the curriculum makes interdisciplinary connections (3). PBL regularly integrates group work (4) to have students engage with the problem scenarios and decide what information they need to resolve the questions. There is an emphasis on student-centred learning, in which the focus is on the students instead of the teacher (5), and there is considerable attention for problem-solving and critical thinking (6) (Barrows et al., 1980).
Claimed advantages for PBL are that it promotes deep, rather than surface, learning, it enhances the retention of knowledge and self-directed learning skills, it promotes collaboration between disciplines, provides a more stimulating learning environment, and improves motivation. Furthermore, it promotes interaction between students and their teachers (Pawson et al., 2006). Several disadvantages to PBL have also been published: high demands on staff time, increased stress on both students and staff, relative inefficiency, reduced acquisition of knowledge, and implementation difficulties when class sizes are large or where there is a broad lack of enthusiasm for the approach (Spencer et al., 1999). Furthermore, most assessment methods do not take into account the skills that students have learned through PBL, making this teaching approach unattractive to both teachers and students (Walker, 2007). 






Our main objective was to explore how experimental science and social science teachers view and implement the different elements of PBL in their lessons. We wanted to find out:
-	With what frequency are the PBL elements used in lessons?
-	What reasons and constraints do teachers see to each of the PBL elements?

Furthermore, since PBL was first designed for, and introduced in, experimental science education, we wondered whether there would be a difference between experimental science and social science teachers in the use of PBL. We therefore compared the reasons, concerns and level of PBL implementation between these two teacher groups.

3.2 Expectations






Teachers were interviewed at secondary schools in two different locations. The choice of schools was practical; the researchers worked there. One of the schools was State College Area High School in State College, PA, in the USA. This public high school offers grades 9 through 12 and has a comprehensive academic curriculum (http://www.scasd.org). The other school at which interviews were conducted was United World College of the Atlantic in Wales, UK. It offers the two-year International Baccalaureate Diploma Program, which is comparable to grades 11 and 12. (www.atlanticcollege.org).

Teachers were selected for interviews if they taught a social science (economics, history, geography, political science, world religions, or peace and conflict studies) or an experimental science (biology, physics, chemistry, or environmental science). They also used at least one of the following defining PBL elements:

A.	A problem situation is encountered before any preparation or study has occurred,
B.	Lessons are centred on real-world societal problems,
C.	The curriculum makes interdisciplinary connections,
D.	The curriculum integrates group work; 
E.	There is an emphasises on student-centred learning, 
F.	Considerable attention is devoted to problem-solving and critical thinking.






The interviewees were selected partially using the snowball method. Snowball sampling obtains knowledge of potential cases from people who know people who meet the research interests (Glesne, 1999). Teachers were identified by colleagues as innovative and implementing the PBL approach in their lessons. Therefore, this is not a true representation of all social science or experimental science teachers of both schools. Rather, it is a selection biased for those teachers that were considered most likely to use PBL elements.
In total 19 teachers within different subjects were interviewed. In the USA, eight interviews were held; four with social science and four with experimental science teachers. In Wales, eleven interviews were held in total; with six social science teachers and five experimental science teachers. All interviews were conducted face-to-face. Appendix I shows more specifics about the interviewees concerning their subjects, gender distribution and number of years of teaching experience.

4.3 Instruments
Quantitative data were collected in the form of percentages, indicating how often teachers used each PBL element. Structured qualitative interviews were considered the best method to collect information about teachers’ opinions of PBL.  The answers to the first interview question, “With what frequency do you use each of the PBL elements A through F in your lessons?”, were averaged to see which elements were used most frequently, and if there was a difference between social science and experimental science teachers in this regard. An unpaired, two-tailed T test was performed to look for significant differences.
Responses to the second question, “What do you consider reasons and constraints to using each of these elements?” had to be transcribed for analysis. First the researchers searched for common themes in the interviews individually. These results were discussed and compared with each other to come to commonly agreed upon categories of ‘advantages’ and ‘disadvantages’ within which all responses could be classified. A final motivation analysis of categorised answers was the end result (Appendices III through VIII). Frequencies with which each type of answer was given were calculated in percentages. This showed which kind of advantages and disadvantages were mentioned with what frequency. It also allowed for a comparison between the social science and experimental science teachers regarding their views on and implementation of PBL elements.
	
  
5. Results and Analysis

5.1 Introduction
From the interviews data was collected on two aspects of PBL teaching: the frequency with which the individual PBL elements were used in lessons, as well as information on the reasons and constraints teachers mentioned for each of the PBL elements we identified. In this chapter the main results regarding our research questions are summarised. The complete set of data can be found in appendices II through VIII.

5.2 Frequency of use of the elements
All respondents were asked to indicate the percentage of lessons in which they used each element. The interviewed teachers did not use PBL in its complete form, but they did use the separate elements. The percentages of use of the individual elements indicate that there is no significant difference between experimental science teachers and social science teachers in their frequency of use of the PBL elements (Appendix II). This was not what we expected. We expected social science teachers to use PBL less frequently than experimental science teachers since PBL was first developed for, and introduced in, the experimental sciences. An explanation might be found in the reasons social science teachers gave for using the PBL elements. They frequently mentioned using PBL elements was part of the curriculum, and for Element C, “the curriculum makes interdisciplinary connections”, 40% of the social science teachers said it was necessary for understanding the topic.  Social sciences seem to be an easy fit for PBL because elements such as interdisciplinary and real-world connections are part of the very nature of the subjects.


















A. Problem situation is encountered before any preparation or study has occurred,
B. Lessons are centred on real-world societal problems,
C. The curriculum makes interdisciplinary connections,
D. The curriculum integrates group work; 
E. There is an emphasis on student-centred learning, 





5.3 Reasons and Constraints for Implementation of the PBL elements
The most frequently mentioned reasons to implement elements of PBL were: “it enhances understanding”, “it creates curiosity”, and “students gain ownership of their learning”. Also mentioned were: “it shows the relevance of the theory”, and “it creates context”; both referring to the advantage that PBL makes clear to students the real world applicability of the theory they learn. Other positive aspects mentioned were: “it teaches important skills”, “it breaks the routine”, and “it is fun”. These are advantages to PBL also cited in the literature, and apparently the interviewed teachers were aware of them.
Despite the teachers’ awareness of the advantages to PBL elements, our results show that they used them less frequently than they would like to. During the interviews it became clear that they never used all six PBL elements at the same time. Some teachers perceived themselves as good story-tellers as they had received this feedback from their student for many years. They felt that their students did not want them to change their teaching style.
However, most reasons teachers gave for not using PBL were related to the facts that they felt PBL does not fit the curriculum and is too time-consuming. Time consumption may refer to either preparation time or class time. These arguments are related because if PBL is not part of the curriculum, or practicing PBL is not rewarded in the assessment system, it may easily be considered too time-consuming. For example, students learn important collaboration skills through group work, but if they are only assessed on their knowledge of facts, teachers may consider group work a waste of time because they think there are faster ways to get the students to remember facts. As one teacher said: “Within the International Baccalaureate system, students simply need to learn how to pass their exams. Anything else is not rewarded, sadly. There is no time to go the long way around”. 






Surprisingly, no significant difference was found between the social science and experimental science teachers in the frequency with which they used PBL elements, despite the fact that PBL was designed for, and first implemented in, experimental sciences. Neither of the teacher groups used PBL in its full form in which all six elements are implemented at the same time. However, most of the separate elements appear to be a natural fit with social science subjects, making it easy for teachers to use them without having been trained to do so.
The element that is considered most essential to PBL (Element A: a problem is encountered before theory), was used with the lowest average frequency by both types of teachers. Their most important reason to not use it was that they consider it too time-consuming. It makes sense that the element that is most difficult to use in traditional teaching methods, is met with the greatest resistance by teachers untrained to use PBL.
Although the respondents were able to name advantages to PBL which correspond with those published in the literature, they also named constraints commonly associated with teachers who have no personal experience with PBL (Walker, 2007). The interviewed teachers felt that most of the PBL elements did not fit the curriculum and were too time-consuming to implement. A disadvantage is that most schools use methods of assessing the effectiveness of learning that are based on the amount of factual knowledge the student has gained, rather than assessing the student’s understanding and ability at using inquiry skills. Teachers who believe that students taught with PBL will do worse at factual assessment may be discouraged from using it. There is literature, however, that shows PBL enhances student performance even on standardised tests (Hmelo-Silver et al., 2006). It appears that teachers need to have personal experience with the powerful impact PBL can have on learning outcomes before they are willing to use it.

6.2 Limitations of the study
The greatest limitation to our study was the potential tendency of teachers to give socially desirable answers, or responses they felt we wanted to hear. It was clear that none of the respondents combined all six elements to create true PBL lessons, but they may have exaggerated or overestimated their use of the single elements to appear more creative than they actually were. In addition, if an element was used during a small portion of a lesson, say a five minute introduction with a real-life example, this would count as one lesson in which the element “real-life connections” was used. This has caused the percentages of use to be higher on paper than they were in practice. We feel that the revealed trends are genuine however.
Our study was also limited by the number of interviews that was conducted. If more teachers had been interviewed, it may have been easier to find statistically significant results. Furthermore, the research for this study was performed at schools with different curricula and cultural backgrounds, leading to a heterogenous teacher population. These teachers do not necessarily have comparable motivations to implement a certain teaching method.
The qualitative interviews were subjective because we decided which quotes and examples to report. Ways to validate our research would have been to take our analysis back to the interviewed teachers to check if we interpreted their responses accurately, and to have a third party verify our categories of reasons and constraints.

6.3 Implications of the study
If school administrators want PBL to be used more widely, they need to facilitate teachers by eliminating some of their constraints to implement this teaching method. Teachers are easily discouraged from using PBL if they believe the system within which they teach does not support it. Ideally, the curriculum allows for students to work on open-ended problems and the assessment method rewards problem-solving skills rather than just the retention of facts. This would indicate to teachers that spending time on PBL is justified.
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SCE1	Physics, Integrated Physics and Science	M	12
SCE2	Chemistry, Integrated Physics and Science	M	6
SCE3	Environmental Sciences 	M	12
SCE4	Chemistry	M	17
SCS1	Current issues, US History	M	8




AC = Atlantic College
SC = State College
E = Experimental Science Teacher
S = Social Science Teacher


Appendix II: Percentage use of each element in the interviewees’ lessons.





























Appendix III: Percentage of lessons that the element "problem encountered before theory" is used in, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	31	23	27
			





Shared responsibility for student learning	20	0	11
To create variety	10	11	11
			
Percentage of teachers that named these constraints:
Fear for loss of content	20	0	11
Theoretical knowledge is required for understanding	20	0	11
It does not fit with assessment	20	0	11
Time consuming	10	44	26
Induces misconceptions	10	22	16
Too much time and effort for teacher	10	33	21
Fear of losing control	20	0	11
Does not work for all students	20	11	16


Appendix IV: Percentage of lessons that are centred on real-world problems, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	69	50	60
			
Percentage of teachers that named these reasons:
To aid understanding and learning	60	33	47
To show the relevance 	10	56	32
To show the bigger picture	20	11	16
Makes lessons more interesting and motivating	30	67	47
It is part of the curriculum	70	22	47
			
Percentage of teachers that named these constraints:	
Takes too much time	20	44	32





Appendix V: Percentage of lessons with interdisciplinary connections, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	47	44	46
			
Percentage of teachers that named these reasons:
It is part of the curriculum	30	22	26
To create context	50	56	53
Makes lessons more interesting	20	33	26
Necessary for understanding	40	0	21
			
Percentage of teachers that named these constraints:
Does not fit in the curriculum	40	56	47
Does not fit in the timetable	30	44	37
Other teachers are unwilling to cooperate 	50	0	26

Appendix VI: Percentage of lessons in which group work is used, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	45	38	42
			
Percentage of teachers that named these reasons:
Less work for the teacher	30	0	16
Gives students ownership	30	11	21
Teaches skills	40	11	26
Students learn from each other	10	33	21
It’s fun	20	33	26
It is part of the curriculum	0	56	26
To break the routine and keep students interested	20	33	26
Increases student confidence	10	11	11
To keep students active	30	0	16
			
Percentage of teachers that named these constraints:
Direct instruction is more effective	20	78	47
Easy for students to free ride	20	11	16
Some students don’t like group work	30	0	16
Students more easily distracted in groups	30	0	16
Weaker students are not involved	20	0	11




Appendix VII: Percentage of student-centred lessons, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	51	39	45
			
Percentage of teachers that named these reasons:
Students learn more effectively	40	22	32
Part of the curriculum	20	0	11
Easy for the teacher	10	11	11
Students gain more depth	40	11	26
It’s stimulating	20	33	26
It’s activating	30	56	42
Easy to see who is not participating	0	22	11
Gives the students ownership	30	22	26
			
Percentage of teachers that named these constraints:
Time consuming for students	20	33	26
Time consuming for teacher	20	11	16
Fear of losing control	10	11	11




Appendix VIII: Percentage of lessons with problem-solving and critical learning, and the reasons and constraints mentioned.







Percentage of lessons this element is used in:	58	57	57
			
Percentage of teachers that named these reasons:
Involves students	30	11	21
Part of the curriculum	30	0	16





Percentage of teachers that named these constraints:
Students are not ready for this	10	11	11
Students fail to participate	10	11	11















Figure 1: The average percentage of lessons in which each PBL element was used by the interviewed teachers. Error bars represent Standard Error of the Mean. The asterisk indicates a significant difference with each of the other PBL elements (p<0.05 with an unpaired, two-tailed T test).
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